Immune dysfunction a potential pathophysiological mechanism of autistic-spectrum disorders.
Results
The serum level of sP-selectin in the patients was significantly and substantially lower than that of controls, with a median of 71.7 ng/ mL (mean=67.1 ng/ml, s.d.=14.4) and of 122.0 ng/ml (mean= 121.8 ng/ml, s.d.=33.0) respectively (Mann-Whitney U=27, P50.001) (online Fig. DS1(a) ). The patient group also had a significantly decreased level of sL-selectin compared with the control group: 942.1 ng/ml v. 1043.9 ng/ml; Mann-Whitney U=76, P=0.005. Regarding sE-selectin, there was no significant difference between the two groups: 45.4 ng/ml for patients v. 39.2 ng/ml for controls (Mann-Whitney U=133, P=0.33).
We first examined the correlations between serum sP-selectin levels and clinical variables among patients. There was a negative correlation between sP-selectin levels and ADI-R scores for domain A (Spearman's rank correlation r=70.589, P=0.021) (Fig.  DS1(b)) ; the lower the level of sP-selectin, the worse the social development in childhood. There were no marked or significant correlations between serum sP-selectin levels and other clinical variables. We then examined the correlations between serum sLselectin levels and clinical variables, and found no correlations.
Discussion
The serum levels of sP-selectin and sL-selectin were significantly lower in the patients than in the controls. As patients were unmedicated and free of physical illness, it is unlikely that the altered levels were ascribable to systemic inflammatory conditions or drug effects. Furthermore, there was little overlap in the distribution of the sP-selectin levels between the patient and control groups; in effect, all patients had lower values than the 25th percentile of the control group (Fig. DS1(a) ).
Neither P-selectin nor L-selectin has been reported in the human brain; however, P-selectin is expressed on the endothelium of the blood-central nervous system (CNS) barrier and soluble L-selectin has been found in cerebrospinal fluid. 3 Since both Pand L-selectin play important roles in the entry of circulating T-lymphocytes into the CNS, 5 the decreased serum level of these two types of selectin observed in our study indicates an involvement of hypoactivity of T-lymphocytes in the pathophysiology of high-functioning autistic-spectrum disorders. 
Summary
Immune dysfunction has been proposed as a mechanism for the pathophysiology of autistic-spectrum disorders. The selectin family of adhesion molecules plays a prominent role in immune/inflammatory responses. We determined the serum levels of three types of soluble-form selectin (sP, sL and sE) in 15 men with high-functioning autism and 22 agematched healthy controls by enzyme-linked immunosorbent assay. Levels of sP-selectin and sL-selectin were significantly lower in patients than in controls. Furthermore, sP-selectin levels were negatively correlated with impaired social development during early childhood.
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learning/memory impairments that are ameliorated by T-cell restoration. 3 Furthermore, it has been reported that in children with autistic-spectrum disorders aberrant behaviour (e.g. irritability, lethargy, hyperactivity, stereotypy, inappropriate speech) improves during fever but returns when the child recovers. 6 These behavioural improvements may involve activation of T-lymphocyte function.
Aberrant immune activity during brain development might also play a role in the neural basis of high-functioning autism. Diminished expression of P-selectin is associated with delayed neutrophil transmigration in neonatal rats. Therefore, decreased expression of P-selectin in individuals early in life may contribute to delayed leukocyte transmigration and increased susceptibility to infection, 7 which may in turn damage neural tissues during CNS development. In fact, there is evidence that maternal viral infection in the first trimester can increase the risk of offspring developing an autistic-spectrum disorder. 8 We recently found that the serum level of sL-selectin in patients with schizophrenia was significantly higher than that in controls, whereas the level of sP-selectin was not altered. 3 Schizophrenia and (high-functioning) autistic-spectrum disorders are both viewed as neurodevelopmental disorders, and immune dysfunction has been proposed as a potential mechanism for the pathophysiology of both. 1, 2, 9 The alterations in serum levels of the selectins in the two disorders suggest that selectins play a role in their pathophysiology. However, the existence of distinctive patterns of alterations (i.e. reduced (for high-functioning autism) v. elevated (for schizophrenia) selectin levels) indicates that the pathological mechanism may differ between the two disorders, although they share some phenotypic characteristics. The possible distinction may be supported by the different findings in brain histopathology and pharmacological sensitivity in these two disorders. Nevertheless, caution is required in interpretation based merely on one measurement of serum materials.
Low serum levels of platelet-endothelial adhesion molecule-1 (PECAM-1) and vascular cell adhesion molecule-1 (VCAM-1) occur in patients with high-functioning autistic-spectrum disorders. 10 Since these adhesion molecules, together with selectins, play roles in the migration of leukocytes into inflammatory sites, 5 our observation may reflect an impairment of the adhesion cascade, which in turn is responsible for dysregulation of the immune response in high-functioning autistic-spectrum disorders.
Reduced sP-selectin levels in our patient group were correlated with disturbances in social function during early childhood as assessed with ADI-R (Fig. DS1(b) ). However, participants were over 18 years of age. It would be of interest to measure sP-selectin levels in very young children with high-functioning autisticspectrum disorders to determine whether such adhesion molecules serve as a serological marker.
This study has potential limitations. Active or previous exposure to common viral pathogens that may affect immunological marker expression (e.g. hepatitis and Epstein-Barr viruses) was not tested for. If exposure to these pathogens differed between patient and control groups (e.g. if the patients had been hospitalised for long periods, increasing risk of exposure), erroneous conclusions would be drawn. However, none of the patients was institutionalised, either at the time of the study or previously. Furthermore, if it were the case, elevated rather than reduced levels of selectin would be expected in the patient group. Factors such as cigarette smoking and exercise, which were not systematically assessed, may have confounded our findings. Studies have suggested that both factors may increase levels of sP-selectin. 11, 12 Although all patients in our study were nonsmokers, some controls may not have been. Individuals with autistic-spectrum disorders are less likely to engage in exercise than healthy people because of their impaired reciprocal social interactions, and restricted behavioural repertoire and interests. The possible bias arising from these potential confounders may lead to an overestimation of the results. However, the serum level of sP-selectin was found to correlate with impaired social development during early childhood. This implies that the current results cannot be ascribed entirely to such confounders that pertain to contemporary behaviour.
Soluble P-selectin was implicated in the pathophysiology of high-functioning autism, but studies using larger and younger samples are required to confirm our findings.
Diagnosis and cognitive assessment of the patient group
The diagnosis of autistic-spectrum disorder was based on the Japanese version of the Autism Diagnostic Interview-Revised (ADI-R). 1 All 15 participants met the criteria for DSM-IV autistic disorder. 2 Each patient was confirmed to be high-functioning (IQ470) using the Wechsler Adult Intelligence Scale-Revised. The serum level of sP-selectin in men with high-functioning autism was significantly lower than that of controls: with a median of 71.7 ng/ml (mean=67.1 ng/ml, s.d.=14.4) and of 122.0 ng/ml (mean=121.8 ng/ml, s.d.=33.0) respectively (Mann-Whitney U=27, P50.001). ADI-R, Autism Diagnostic Interview-Revised.
